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Introduction
The present paper contains results of experimental and theoretical studies of new dyes containing a pyry lium ring. These studies are a continuation of [1] and an extension to dyes known in the literature [2] as pyrylocyanine dyes. Several of these little investigated dyes find application as laser dyes [3, 4] .
Synthesis
All studied dyes are not described in the literature. They were obtained according to a well-known meth od by condensation of the corresponding benzalde hydes or cinnamyl aldehydes with 5,6,7,8-tetrahydrol,3-diphenyl-2-benzopyrylium salts [5] in acetic acid [6, 7] .
The dyes were obtained according to the following general synthetic scheme: The substituents R1? R2, R3, the values of n and the data from the elemental analysis are given in Table 1 .
0.01 mol 5,6,7,8-tetrahydro-l,3-diphenyl-2-benzopyrylium salts, 0.01 mol benzaldehyde or cinnamyl aldehyde and 40 ml glacial acetic acid are refluxed for 30-40 minutes. The reaction mixture is cooled down to room temperature. The precipitate is filtered, washed with diethyl ether on the filter funnel, dried and recrystallized from an appropriate solvent.
The good agreement (see the theoretical part) be tween the experimental and the with standard param eters [1, 16] computed transition energies of the in vestigated molecules also indicates that the above structures are correct.
Spectral characteristics
The equipment and conditions for recording the spectral characteristics are described in [1] , To avoid some concentration effects observed in compounds of this type [8, 9] , the concentration of the studied solu tions was < 10~4mol/l.
Like other dyes from the group of pyrylium salts [10, 11] , the absorption spectra of the investigated compounds in solution are characterized by welldefined bands (Figure 1 ). The molar absorbtivity e of the bands is high -for some compounds up to about 800001 m ol"1 cm "1 ( Table 2 ). Changing the Ri sub stituent in some cases leads to a change in the relative intensity of the two bands (Table 2 ), but the energy of the Franck-Condon absorption transitions is practi cally not influenced by Rx.
For the polymethines [12] (Brooker rule), the elongation of the polymethine chain by one vinyl group is connected with a bathochromic shift of the 0932-0784 / 88 / 0' 00-8 00 $ 01.30/0. -Please order a reprint rather than making your own copy. longest wavelength transition of ~100nm. For the investigated molecules, the elongation of the conju gated system by one vinyl group leads to a bathochromic shift of ~ 60 nm (cf. for example 1 and 11, 6 and 13 in Table 2 ).
All studied compounds fluoresce in solution at room temperature, but in contradistinction to other pyrylium salts [1, 13, 14] , the fluorescence quantum yield Q( is low -about 0.001 and does not depend on the length of the conjugated system (n = 0,1), or on Ri-
The fluorescence band is mirror symmetrical to the longest wavelength absorption band, the excitation spectrum is identical to the absorption spectrum, the Stokes shift is of the order of 2000 cm " 1; consequently the electron excitation leads only to geometry changes of the fluorescence state.
The effect of the elongation of the conjugated sys tem (n = 0,1) on the energy of the Franck-Condon fluorescence transition is the same as for the absorp tion transitions: a bathochromic shift of vF by about 2000 cm "1, cf. Table 2 .
The freezing of the ethanol solutions to 77 K leads to the well-known [8, 15] "blue shift" of the fluores cence band by about 500 cm "1, and the excitation spectrum does not change relative to that at 293 K.
The fluorescence intensity of the studied pyrylium salts does practically not depend on whether R3 is a substituted aminogroup or H. Such a dependency is not observed in solution at room temperature or in frozen matrix at 77 K.
From the experimental data in Table 2 it is seen that for the compounds with n = 0 the fluorescence intensi ty in frozen matrix is higher by an order of 3 (relative to 293 K) and Q{ is near unity, while for compounds with n = 1 the increase in the fluorescence intensity as a result of the freezing is considerably weaker.
None of the studied compounds phosphoresces at 77 K, and this is in line with some general consider ations on the luminescence of pyrylium salts, ex pressed in [14] .
The studied pyrylium salts dissolve only slightly in saturated hydrocarbons. To study the solvent effect, the ethanol solutions were diluted with cyclohexane (volume ratio 1:50). In analogy to the results in [1] , under these conditions one observes a weak hypsochromic shift of the spectral peaks by about 10 nm; the fluorescence intensity practically does not change rel ative to ethanol solutions of the same concentration.
Quantum-Chemical Considerations
The theoretical treatment aims at identifying the main chromophore in the studied class of dyes. The numerical quantum-chemical calculations were car ried out in rc-electron approximation by the PariserParr-Pople (PPP-SCF-CI) method, using a parametrization described in the previous communication [1] .
Along with this parametrization, another set of pa rameters [16] for the Coulomb and resonance integrals for the carbon atoms and heteroatomic groups was used. The calculations with both sets of parameters give good results for the energies and probabilities of Table 3 . Theoretical values of the energies of the first nn* electron transition (in eV), oscillator strengths (/) and coeffi cients of the predominating configurations dkk■ in the CI wavefunctions for compounds 1,11 and corresponding chromophores A: 1 A, 11 A and 15 A. Parametrisation [16] , Com pound 1* with phenyl rings rotated at an angle of 45°. the singlet nn* transitions for all compounds. Since the results from the two parametrisations are similar, qualitatively and quantitatively, the numerical values for only one of them i.e. that of [16] , are presented in the tables and figures. In Fig. 1 and Table 3 the theo retical results for various conjugated structures are presented.
To identify the main chromophore in the investi gated molecules, the methods described in the pre vious communication [1] were used: analysis of the wavefunctions and a comparison of the transition energies in the molecules and their fragments. The application of these methods shows that the main chromophore is the fragment A (k -1,2): A°Q t ch=ch7^R3
The analysis of the wave functions indicates ( Table 3 ) that for all molecules and their correspond ing fragments of type A, the longest wavelength nn* transition is determined by the HOMO LUMO transition, for which, in all cases, the statistical weight Another criterion for the characterization of the main chromophore in complex conjugated systems is the theoretical determination of that part or fragment of the molecule, in which the electron transition is localized. For this purpose the approach of Lusanov [17] is convenient and estimates the contribution of each fragment of the molecule to the total electron excitation. This analysis was carried out by calculat ing the values of Lf (0 < Lf < 1), which for a fragment with index / are defined by the expression [17] L r = I Z Me/ v 1 rz X ^fcfc' (^V* < -vfc I k.k' vk '-nk1) Obviously £ L , = 1. f Above, dkk. denote the coefficients in the expansion of the wavefunction over the singly excited configura tions V k , and cuk(cvk) are the AO coefficients in the MO of a given fragment, respectively in the MO of the whole molecule. Table 4 gives the values of Lf for the first two longest wavelength nn* singlet transitions ^So-» 'S* and X S0 ments: lS*) for 11 and its various fragIt is seen from the table that for the first transi tion L, + L" + Lni = 0.967, i.e the longest wavelength singlet transition is practically localized in the frag ment A, and this tendency continues for the next highlying nn* transitions.
